The first rotational transition of cyanogen iodide-15N (IC15N) has been investigated by microwa ve Fourier transform (MWFT) Stark effect spectroscopy to determine the electric dipole moment. In addition the first four rotational transitions have been measured by MWFT spectroscopy to obtain accurate parameters for the rotational, quadrupole and spin-rotation coupling parameters.
Introduction
The microwave spectrum of ICN was investigated the first time in 1947 and was the subject of a number of following papers. Townes, Holden and Merritt ob tained the molecular dipole moment from an intensity measurement [1] . The first microwave data about IC15N are reported in [2] , We were able to determine quadrupole-and spin-rotation coupling parameters of IC15N with high accuracy using MWFT spectrosco py. The dipole moment of IC15N could be obtained from MWFT Stark effect measurements using a spe cial Stark cell and DC electric fields.
The sample was purchased from ALDRICHChemie, Steinheim.
To prepare the 15N sample, 0.25 g of IC14N was mixed with a few milligrams of potassium cyanide-15N and a small amount was sublimated. We detected approximately 8% 15N enriched substance with a mass spectrometer.
The use of the Stark cell decreased the signal strength by high cell attenuation. In addition a line broadening caused by field inhomogeneities could be noticed while applying higher DC voltages. An exam ple is given in Figure 1 .
Experimental
The spectra were recorded with our MWFT spec trometers in the range from 5.0-26.5 GHz [3] [4] [5] [6] at pressures between 0.03 and 0.13 Pa (0.25 and 1.0 mTorr) and temperatures between 243 and 253 K. For the measurements of the Stark effect a 3.25 m long cell with an 8 mm thick and 30 mm broad aluminium septum inserted was used. The cell has been manufac tured from a precision J-band waveguide, 34.85 x 17.80 mm inner dimension; the construction is simi lar to that described in [7] for use in the X-band. The septum was milled with a precision of about 0.01 mm. The cell was calibrated by measuring the Stark effect of the J K_ K + -J' K'_ K'+ = 1 1 1 -1 1 0 transi tion of formaldehyde achieving an uncertainty of the septum position with respect to the broad waveguide walls of 0.016 mm. The dipole moment is given in [8] to be 2.33148 (2) Debye {7.77689 (7)-10"30 Asm}. 0932-0784 / 88 / 0200-145 $ 01.30/0. -Please order a reprint rather than making your own copy.
Analysis
In Table 1 the measured and calculated frequencies and the assignment of the zerofield measurements are given. Table 2 contains the measured and calculated frequencies, the assignment, DC voltages and corre sponding field strengths from the Strak effect mea surements.
In the case of narrow splittings the frequencies were obtained by a least squares fitting of the time domain signals [9] ,
The analysis of the zerofield measurements was car ried out with a program based on a Hamiltonian for a linear molecule containing two unequal coupling nuclei [10] : An angular momentum vector coupling scheme J + = Fl , Fy + 12 = F has been used; the matrix is diagonal in the quantum number F but there are small off-diagonal elements in F1 coming from the spinrotation coupling of the nucleus 2. Its quadrupole coupling constant has been constrained to zero in this case. The eigenvalues were obtained by numerical diagonalization of the matrices.
The spectral parameters were obtained by a least squares fit of all values simultanously and are given in Table 3 .
The analysis of the Stark effect was carried out by setting up the Hamiltonian for a linear molecule con taining only one coupling nucleus: Figure 2 . The dipole mo ment of IC15N was obtained by fixing all parameters in the fit derived from the more accurate zero-field measurements. The 15N-spin-rotation coupling and centrifugal distortion have been neglected in this cal culation. Only fully resolved MF-splittings were used for the analysis. The results are listed also in Table 3 .
Results and Discussion
The rotational and nuclear spin coupling parame ters of IC15N could be determined with high accuracy with exception of the spin rotation coupling constant of 15N, because this parameter influences the spec- Table 2 . Stark-effect measurements of IC15N. v: measured frequency, < 5 0-c: difference between observed and calculated frequencies, /dvST: frequency shift caused by the Stark-effect, UST: DC-voltage, £sx: corresponding electric field strength. Frequencies and shifts in MHz, deviations in kHz, voltages in V and field strengthts in V/cm. trum very slightly. No splittings due to 15N-spin rota tion coupling could be observed but the inclusion of this effect improved the fit. In Table 3 the results of this fit are compared with a second fit without inclusion of the 15N spin-rotation coupling. A sign convention according to Gordy [12] has been used for the deter mination of the spin-rotation constants. The opposite sign is used in [13] . A small isotopic shift can be no ticed comparing the iodine coupling constants of IC14N and IC15N [14] . The error limit of the dipole moment is constrained by the uncertainty of the septum position in the Stark cell. This uncertainty causes an error of the applied field strength. The relative errors of the field strength and the dipole moment are equal. The standard error of the dipole moment obtained from the least squares fit is about one magnitude smaller.
In Table 4 the dipole moments of some cyanogen halides are given. The values increase from FCN to ICN. The increasing dipole moments are consistent with the decreasing electronegativity of the halides assuming positive partial loads at all halogen atoms with the exception of fluorine. This is for C1CN and BrCN consistent with the direction of the dipole mo ment obtained by rotational Zeeman effect measure ments [15, 16] . For fluorine a positive partial load at the cyano group is assumed because of the extreme electronegativity of fluorine.
